application (except dilution, if necessary). It requires only 1 pL of sample. Compared with other IEF techniques it is very rapid (1 h vs 2-60 h) (1, 5), and it offers higher resolving capability compared with electrophoresis on cellusose acetate, agarose, or acrylamide (1). Finally, this method is sensitive, allowing separation of at least eight isoenzymes, and it is adaptable to most clinical laboratories for routine use. 
Multi-Factor Designs II. A Design for IdentifyingInstrumentswith Sample-to-Sample Carryover and Drift

BrIan SchIsm1 and Jan S. Krouwer2
We describe a nearly orthogonaltwo-level design that involves use of a weighted analysisto estimate drift and very low amounts of sample-to-sample carryover simultaneously.
Identifyingsystematicerrorsfromthese sourcesis especially important for assays of analytespresentinga large rangeand with a medical decision point close to zero. The design is illustrated with data for thyrotropin, where, in one run with32 samples, 0.08% carryover was detected in the presence of concentration-dependent negative drift.
We have previously reported a multi-factor experimental design that estimates reagent-to-next-assay carryover for random-access analyzers (1). We describe here a multifactor design involving use of a weighted analysis that estimates drift and very low amounts of sample-to-sample carryover. The design was developed to evaluate the Ciba Corning Diagnostics "Magic Lite Enhanced System" in which immunoassays have been semi-automated with the use of a pipetting station. The design can be adapted for other assays on most other instruments.
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The Magic Lite Enhanced System uses a Tecan pipetting instrument to pipette the samples and reagents. This system differs from the Magic Lite manual assay in ways that might affect product performance.
For example, in the manual assay, pipette tips are usually changed after dispensing each patient's sample. With the Magic Lite Enhanced System this is not the case, leading to the possibility of sample-to-sample carryover. In addition, there may be drift in the Enhanced System. Thus, to evaluate the, performance of the Enhanced System, we needed to estimate sample-to-sample carryover and drift. A commonly used design for evaluating carryover repeats the following sample sequence: high (Hi), high (H2), low (Li), low (L2), low (L3) (2); carryover is estimated as the average of [(Li -L3)/H2] 100, which is a biased estimate in the presence of assay drift. A three-level multifactor design, which estimates carryover and drift and is recommended by the NCCLS (3), will not detect very low amounts of carryover, because it is only nine samples long and is unweighted. Weighting is needed when the variances at the low and high concentrations are markedly different, as is commonly the case. For example, for the beta subunit of human choriogonadotropin, patients' values of 100000 and 5 mt. units/L are both common. The medical decision point for pregnancy is 10 mt. unitsfL. This means that if a 5 mt. units/L sample followed a 100000 mt. unitsfL sample, and there were a carryover of only 0.01%, theresults for the second sample assayed would on average be falsely increased to 15 mt. unitsfL. In addition, in this case the ratio of the variance of the high over the low concentration is about 4 x 106. Some other examples are the thyrotropin (TSH) assay and non-immunoassays such as that for alanine aminotransferase (EC 2.6.1.2). Daniel (4) was the first to describe multi-factor, nearly c)rthogonal designs for estimating sample-to-sample carryaver and drift. An "orthogonal design" is one in which the factor estimates are uncorrelated, in which case the estimate of a factor effect does not depend on whether other factor effects are included or excluded from the fitted equation. Orthogonality allows the user to assess the significances of the factor effects with a single fitted equation. For non-orthogonaldesigns,significances of factor effects often need to be assessed by fitting equations with all possible subsets of variables.
Our work extends that of Daniel by constructing designs for carryover and drift in which weighted analyses are used and which also adjust for second-order carryover (carryover of the j -2 sample into the jth sample) and permit a variable number of replications of the basic design. Table 1 shows the eight-sample sequence, which is repeated K times. The design estimates sample-to-sample carryover, recovery, precision, linear drift, quadratic drift, and drift by concentration interaction. The sample sequence is more severe with respect to carryover than are assays in routine use so as to increase the chance of detecting carryover.
The statistical model for the design is
where Y, the dependent variable, is the measured concentration of the jth sample. The error not accounted for by the model, e3, is assumed to be normally and independently distributed with zero mean and unknown variance. times the reference concentration of the jth sample ii refers to the concentration of sample that allows for contamination by carryover by the previous sample (j -1) and the second most previous sample (j -2). Carryover (A) is the proportion of the previous sample left behind that can contaminate the current sample. Mathematically,
Experience has shown that removing the tilde from *2 in equation 2 leaves it sufficiently accurate, because all A's on the Magic Lite Enhanced System appear to be less than 0.005 (4). Substituting equation 2 for * into equation 1 gives the following: Table 1 , were generated according to the design at the top of Table  1 during a preliminary optimization of the Enhanced System. The factor effects in equation 4 were estimated by using a weighted-regression program (SAS REG). Historical precision data were used to fit an equation between variance of thyrotropin and its concentration. Weights were set equal to the reciprocals of the estimated variances at the concentrations chosen. Table 2 shows the results from this example. Statistically significant sample-to-sample carryover of 0.08% was detected. There was no detectable nonlinear drift. The driftby-concentration factor was statistically significant, necessitating separate carryover-adjusted regressions at each concentration of thyrotropin vs time. Drift at the high concentration was estimated at -3.5 milli-int. units/L over 32 samples. Drift at the low concentration was not detectable. The bottom of Table 2 shows recovery and precision for both the unadjusted and adjusted results. Unadjusted results are the actual observed values. Adjusted results are those in which estimated carryover and linear drift have been removed. In this case, the adjusted precision was about 25% smaller than the unadjusted precision. The adjusted recovery was about 4% closer to the reference than was the unadjusted recovery. We arrived at the design by constructing the following grid of all eight combinations of the two concentration levels for xi#{149} x1, and Xi_2. For example, for sample 1, the sequence is high high high, because sample x (sequence 1) is high, sample ;_, (the last primer) is high, and sample To calculate efficiencies we define the design matrix X as an n-by-p matrix of n rows as the sample sequence with the p columns of factor effects centered by their weighted means. The matrix W is the diagonal matrix formed from the n-by-i matrix of weights. Performing the following set of matrix operations on X and W yields a 1-by-p matrix of efficiencies for the p factor effects to be estimated A = XWX Letting the ith diagonal term of A be au and letting the ith diagonal term of (AY' be a", the efficiency of the ith factor effect equals l/(a11 a").
For the example design in Table 1 . On using equal weights, the carryover estimate was not statistically detectable.
